Three new compounds, hydnohainanic acid (1), and hydnohainanin A (2) and B (3) were isolated from the fruits of Hydnocarpus hainanensis (Achariaceae). Their structures were determined by spectroscopic analysis, including 2D NMR, and MS. Compounds 1-3 were evaluated for their cytotoxic activity against the KB cell line. Compound 1 had a moderate cytotoxicity with an IC 50 value of 32.5 μg/mL, while the two remaining compounds did not exhibit inhibition, even at a concentration of 128 μg/mL.
The genus Hydnocarpus has previously been described in the family Flacourtiaceae. However, it has now been transferred to the family Achariaceae in the molecular phylogeny-based classification, known as the APG III system [1] . The Hydnocarpus genus consists of about 40 species. Many Hydnocarpus species have been used in folk medicine [2] . A literature overview showed that the bioactive compounds of Hydnocarpus were assigned as flavonolignan [3a-e] and cyclopentyl fatty acids [4] , which exhibited various pharmacological activities. Cyclopentenyl fatty acids were found to be the major constituents of the oil of several Hydnocarpus species and to have antileprotic activity [2] . Also, hydnocarpin, a flavonolignan isolated from Hydnocarpus, is reported to exhibit antimicrobial and anticancer activity [2,5a-b] . Biological screening of other species of Hydnocarpus revealed that plants of this genus could be a rich source of bioactive molecules [6a-e] .
In continuation of our search for natural bioactive compounds, we examined the fruits of H. hainanensis (Achariaceae), collected in Quang-Tri, Vietnam, as the extract of the fruits exhibited a cytotoxic activity against KB cells. In this communication, we report the isolation and structural elucidation of three new compounds (1-3) ( Figure 1 ) from the fruits of H. hainanensis.
Compound 1 was isolated as colorless oil. In the HR-ESI mass spectrum of 1, the proton adduct molecular ion [M+H] + at m/z 267.1960 was observed. The 1 H NMR spectrum of 1 showed a singlet olefinic proton at δ H 5.95 (H-2), aliphatic protons at δ H 2.57 (2H, m, CH 2 -4), 2.41 (2H, m, CH 2 -5), 2.39 (2H, t, J = 7.5 Hz, CH 2 -6), 2.34 (2H, t, J = 7.5 Hz, CH 2 -15), 1.63 (2H, quint, J = 7.5 Hz, CH 2 -14), and 1.57 (2H, quint, CH 2 -7), and overlapped protons at δ H 1.27-1.28. Analysis of the 13 C NMR spectrum, with the aid of the HSQC spectrum, revealed the presence of a ketone at δ C 210.6 (C-3), three sp 2 carbons at δ C 183.7 (C-1), 179.3 (C-16) and 129.4 (C-2), and twelve methylenes. The COSY spectrum of 1 indicated correlations between protons of CH 2 -4 and CH 2 -5, and those of the side chain starting from CH 2 -6 to CH 2 -15. Analysis of the HMBC spectrum revealed the presence of a cyclopentyl ring by cross-peaks of ketone carbon C-3 with H-2, CH 2 -4 and CH 2 -5, and those of protons of CH 2 -5 with C-1 and C-2. In addition, the HMBC correlations of C-1 with the protons of CH 2 -6 and CH 2 -7 assigned the linkage of C-1 with C-6. Finally, the terminal carboxylic acid group was confirmed by HMBC cross-peaks of C-16 with the protons of CH 2 -15 and CH 2 -14 ( Figure 2 ). Compound 1 was thus identified as 1-cyclopentene-3-one-1-undecanoic acid. This new cyclopentyl fatty acid was named hydnohainanic acid. Table 2 : NMR data of compounds 2 and 3 (CD 3 OD). The presence was observed in the 1 H NMR spectrum of 2 of two olefinic protons at δ H 6.16 (H-2) and 6.24 (H-3), an anomeric proton at δ H 5.06, and seven protons in the carbohydrate region. The 13 C NMR and DEPT spectra of 2 presented two olefinic carbons at δ C 132.9 (C-2) and 142.1 (C-3), one nitrile group at δ C 120. Hz) coupling constants. H-3' was thus determined to have an equatorial orientation. Similarly, H-4' also had anti (J = 9.5 Hz) and gauche (J = 2.7 Hz) coupling constants. This suggested an axial disposition for both H-4' and H-5'. The sugar moiety was thus identified as β-allopyranose for 2. The same planar structure was determined for 3 from analyses of its spectral data. Furthermore, coupling constant analysis ( Table 2 ) revealed also the presence of β-allopyranose in the structure of 3. The sugar moiety from acidic hydrolysis of 2 and 3 gave positive optical rotation, assigning a β-D-configuration for the allopyranose moiety of both 2 and 3. The difference between 2 and 3 was hence related to the aglycones. Previously, four isomers of 1,4-dihydroxy-2-cyclopeten-1carbonitrile, tetraphylin B, volkenin, taraktophylin and epivolkenin (Figure 3) were reported [7a,c,e] . It was found that the 13 C NMR data are almost similar for these four isomers. However, the proton chemical shifts and proton coupling constants of CH 2 -5 were significantly different between the 1,4-trans isomers (tetraphylin B and volkenin) and the 1,4-cis isomers (taraktophylin and epivolkenin) [7e]. Proton coupling constants of CH 2 -5 of 1,4-trans isomers were reported to be around 15.0 Hz (J AB ), and 6.5 and 3.5 Hz for J AX and J BX , whereas, for the 1,4-cis isomers, these values were around 14.5 Hz (J AB ), and 4.8 and 7.2 Hz for J AX and J BX .
Compounds 2 and 3 had chemical shifts and proton coupling constants ( Table 2 ) close to those of the 1,4-cis isomers (taraktophylin and epivolkenin). This observation suggested that the hydroxy at C-4 and the allosidic oxygen at C-1 had a cis relationship for the two compounds 2 and 3. This is in accord with a previous report that Flacourtiaceae species predominantly produce 1,4-cis-dihydroxy-2-cyclopeten-1-carbonitrile [8] .
As β-Dallopyranose was present in the structures of both 2 and 3, their aglycones were thus enantiomers. Since, the aglycones of 2 and 3 could not be obtained properly due to decomposition during acidic hydrolysis, the configurations of these aglycones were not directly determined. However, the absolute configuration of these aglycones could be suggested from application of the Brewster rules to these systems [9a-c] . Thus, the rotatory contribution of the allylic hydroxy group (OH at C-4), largely determined by its interaction with the double bond, should be negative for 2 (4S) and positive for 3 (4R) [7e,9c] . Additionally, the molecular rotation of 2 {[M] D -195} is more levorotatory in comparison with 3 ({[M] D +63}). The observed rotations of 2 (negative) and 3 (positive) could hence confirm the 4S and 4R configuration for 2 and 3, respectively. As 2 had a negative rotation (same effect with allylic hydroxy for 4S) and 3 a positive one (same effect with allylic hydroxyl for 4R), the rotatory contribution of the substituents at C-1 did not cancel the rotatory contribution of the allylic hydroxy (whether the substituents at C-1 make either a negative or positive contribution to overall rotation). Probably, the observed rotations of 2 and 3 should be dominated by the contribution from the free allylic hydroxyl group, as noted for taraktophylin and epivolkenin [7e]. The absolute configurations of 2 and 3 are thus suggested as shown (1R, 4S for 2 and 1S, 4R for 3). These two compounds are reported here for the first time and named hydnohainanin A and B, respectively.
The known compounds, hydnocarpic acid [10] , taraktophylin [7e] and litchiol B [11] were also isolated from this plant. Their structures were determined by spectral data and comparison with those reported in literature data.
Compounds 1-3 were evaluated for their cytotoxic activity against the KB cell line. Compound 1 had a moderate cytotoxicity with an IC 50 value of 32.5 μg/mL. Compounds 2 and 3 did not exhibit inhibition activity, even at the concentration of 128 μg/mL. Ellipticine was used as a positive reference compound.
Experimental
General: Optical rotations were measured on a Jasco P-2000 polarimeter, and HR-ESIMS on a FT-ICR 910-MS TQFTMS-7 T mass spectrometer. NMR spectra were recorded on a Bruker 500.13 MHz spectrometer operating at 125.76 MHz for 13 C NMR, and at 500.13 MHz for 1 H NMR. 1 H chemical shifts were referenced to CDCl 3 and CD 3 OD at δ 7.27 and 3.31 ppm, respectively, while the 13 C chemical shifts were referenced to the central peak at δ 77.0 (CDCl 3 ), and 49.0 (CD 3 OD). For HMBC experiments the delay
